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PHeart Rhythm Disorders
blation of Left Ventricular Epicardial Outflow
ract Tachycardia From the Distal Great Cardiac Vein
wen A. Obel, MD,* Andre d’Avila, MD,† Petr Neuzil, MD,‡
duardo B. Saad, MD,† Jeremy N. Ruskin, MD,* Vivek Y. Reddy, MD*
oston, Massachusetts; Rio de Janeiro, Brazil; and Prague, Czech Republic
OBJECTIVES The purpose of this studywas to examine the feasibility and safety of ablation of idiopathic outflow tract
ventricular tachycardia (OTVT) from the distal ramifications of the coronary sinus (CS).
BACKGROUND A significant minority of patients presenting with idiopathic OTVT have an epicardial focus,
the standard approach to which involves ablation from within one of the aortic valve cusps
(AVCs). We describe the successful ablation of idiopathic epicardial OTVT from within the
CS in the distal great cardiac vein (GCV).
METHODS Ablation from the distal GCV was performed in 5 patients with idiopathic OTVT who had
unfavorable mapping, in some cases unsuccessful ablation from various endocardial and
epicardial sites including the AVCs, and in 1 patient via the direct epicardial approach. An
electroanatomic mapping system (Carto) was used in 3 patients, and conventional mapping
was performed in 2 patients, and in 3 patients cryothermal ablation was performed.
RESULTS In all patients, the first ablation lesion in the GCV successfully eliminated the arrhythmia. All
patients have remained free of VT after a mean follow-up of 24 (7 to 44) months. There were
no immediate or long-term complications.
CONCLUSIONS Idiopathic epicardial OTVT can be successfully ablated from the distal GCV, and should be
seen as an alternative to ablation from the aortic valve cusps. (J Am Coll Cardiol 2006;48:
ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.06.0061813–17) © 2006 by the American College of Cardiology Foundation
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zdiopathic outflow tract ventricular tachycardia (OTVT)
sually arises from the right ventricular outflow tract
RVOT), and in approximately 12% in the left ventricular
utflow tract (LVOT) (1). In approximately 18% of pa-
ients, the origin of OTVT cannot be localized to either of
hese sites and is found to have an epicardial origin (2).
blation of such foci is most often performed from the
ortic valve cusps (AVCs), most often the left (3–6).
We report on a group of patients with idiopathic epicar-
ial OTVT in whom mapping, and in some cases ablation
rom a variety of sites including the AVCs, had failed.
arliest activation and successful ablation took place within
he coronary venous system in the distal great cardiac vein
GCV), close to its continuation as the anterior interven-
ricular vein (AIV), overlying the epicardial anterobasal left
entricle.
ETHODS
tudy population. The subjects were 5 patients (4 male
nd 1 female), ages 36 to 74 years with symptomatic
diopathic OTVT, in whom the successful ablation site was
ithin the GCV. The clinical and electrophysiological
haracteristics of the patients are shown in Table 1. A trial
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upported by a National Institutes of Health K23 award (HL68064-02) to Dr. Reddy.o
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ccepted July 18, 2006.f at least 1 antiarrhythmic drug had failed in all patients. In
patients, the current session represented the initial abla-
ion attempt. In the other 2, this was the second and fifth
ttempt, respectively. Two patients had frequent paroxysms
f sustained ventricular tachycardia (VT), and 3 had fre-
uent premature ventricular contractions and runs of
xercise-induced nonsustained VT. All patients gave writ-
en, informed consent before the procedure.
lectrophysiologic study and ablation. Antiarrhythmic
rugs were discontinued at least 5 half-lives before the
rocedure; no patient was taking amiodarone. Standard
ultielectrode catheters were inserted using fluoroscopic
uidance under sterile conditions via the left and right
emoral veins. The VT induction was performed from the
ight ventricular apex, and sometimes the RVOT using a
ombination of programmed stimulation, rapid ventricular
acing, and when necessary, isoproterenol infusion. Bipolar
nd unipolar electrograms were recorded using a standard
lectrophysiology recording system and were used in con-
unction with the surface electrocardiogram (ECG) for a
ombination of activation and pace mapping.
In 3 patients, nonfluoroscopic, electroanatomical map-
ing was performed with a deflectable 4-mm tip mapping/
blation catheter (Navistar, Carto, Biosense-Webster, Dia-
ond Bar, California). In 2 patients, conventional
uoroscopic mapping was performed using a deflectable
-mm-tip standard mapping/ablation catheter (Blazer, Bos-
on Scientific, Boston, Massachusetts). Cryoablation (Free-
or, Cryocath, Montreal, Ontario, Canada) at a temperature
f 70°C for 3 min was used in 2 patients. Radiofrequency
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LVOT Ablation From Distal Great Cardiac Vein November 7, 2006:1813–17RF) ablation at a maximum power of 20 W and tempera-
ure of 55°C in 1-min applications was used for the other 3
atients (cooled ablation was not used).
If activation and pace mapping indicated that the right
entricle was not the likely source of VT, mapping of the
VCs and LVOT was performed via the retrograde aortic
oute after a bolus of 5,000 U intravenous heparin had been
dministered. In 2 patients, mapping of the left atrial
ppendage (LAA) was performed after trans-septal punc-
ure. In 2 patients, the epicardium was mapped after
ercutaneous subxyphoid pericardial puncture as previously
escribed (7). Successful ablation in all cases was performed
able 1. Clinical, Electrocardiographic, and Electrophysiological
Patient 1 Patient 2
ge 45 50
ender Male Male
chocardiogram Mild diffuse LV
hypokinesis
Normal
xclusion of coronary artery
disease
Normal coronary
angiogram
Normal coronary
angiogram
lectrocardiogram
QRS axis Inferior Inferior
R-wave transition V3 V1
S wave in V6 No Yes
Lead I S RS
Slurring precordial R Yes Yes
revious ablation attempts 4 None
revious mapping/ablation RVOT, LVOT,
epicardium,
left AVC
None
apping during this session RVOT, LVOT,
AVCs, LAA,
epicardium
RVOT, LVOT,
AVCs,
epicardium
blation during this session Epicardium
Distal GCV
Distal GCV
nergy source Cryoablation Cryoablation
ower and temperature
settings (radiofrequency
ablation)
umber of lesions in
coronary sinus
1 1
uration of follow-up 44 months 32 months
picardium refers to direct epicardial mapping/ablation by subxiphoid pericardial pu
Abbreviations and Acronyms
AIV  anterior interventricular vein
AVC  aortic valve cusp
CS  coronary sinus
ECG  electrocardiogram
GCV  great cardiac vein
LAA  left atrial appendage
LAD  left anterior descending artery
LVOT  left ventricular outflow tract
OTVT  outflow tract ventricular tachycardia
RF  radiofrequency
RVOT  right ventricular outflow tract
VT  ventricular tachycardiaAVC  aortic valve cusp; GCV  great cardiac vein; LAA  left atrial appendage; LV
utflow tract.n the distal GCV after the coronary venous system was
ccessed from the right atrium.
ESULTS
CG characteristics. The ECG in all patients showed an
nferior axis and early precordial R-wave transition VT. A right
undle branch morphology was present in 4 patients, and a
ransition in V3 in 1. Three of the patients had an S wave in
ead I. In 4 patients, an S wave was absent in V6 (Fig. 1).
apping and ablation. Mapping was performed in the
VOT, LVOT, and AVCs in all patients. In 2 patients,
blation had been performed from the left AVC, and had
ecurred. In 1 patient in whom the LAA was mapped, diffuse
arly activation was found; however, ablation resulted in late
ermination and prompt reinitiation of VT. In 2 cases epicar-
ial mapping and in 1 case epicardial mapping and ablation
ere performed without success. In the patient with mapping
nd ablation, it was noted that a diagnostic catheter located in
he distal coronary sinus (CS) was in close proximity to the
picardial mapping catheter from which ablation had been
ttempted. Mapping in the GCV confirmed very early activa-
ion associated with fractioned electrograms, and cryoablation
rom this site successfully eliminated VT (Figs. 2A to 2C). It
s likely that the VT focus originated from just beneath the
CV, and ablation energy delivery from the pericardial space
as attenuated by flow within this vein. In all 5 cases, the first
ils of the Study Group
Patient 3 Patient 4 Patient 5
4 36 61
emale Male Male
ormal Mild diffuse LV
hypokinesis
Normal
o ischemic changes
on stress test
No ischemic changes
on stress test
No ischemic changes
on stress test
nferior Inferior Inferior
1 V1 V1
o No No
Rs rS
es Yes Yes
one 1 None
one RVOT, LVOT, left
AVC
None
VOT, LVOT,
AVCs, LAA
RVOT, LVOT, left
AVC
LVOT, left AVC
AA Distal GCV Distal GCV Distal GCV
adiofrequency Radiofrequency Radiofrequency
0 W, 40°C 10 W, 40°C 20 W, 55°C
1 1
0 months 11 months 7 months
. In all patients, only 1 ablation application was necessary.Deta
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ncture
 left ventricle; LVOT  left ventricular outflow tract; RVOT  right ventricular
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November 7, 2006:1813–17 LVOT Ablation From Distal Great Cardiac Veinblation lesion from within the distal GCV successfully abol-
shed the arrhythmia.
ISCUSSION
diopathic OTVT sometimes has an epicardial origin (2). Such
picardial OTVT is amenable to RF ablation from within the
VCs, most often the left (2–5). One case report has described
uccessful ablation of idiopathic epicardial VT from the LAA (8).
e report the successful ablation of epicardial idiopathic VT from
he distal GCV, close to its continuation as the AIV. In these
atients, mapping and in some cases ablation had been unsuccess-
ul from endocardial sites as well from the AVCs in 2, the
picardium using the subxiphoid approach in 2, and the LAA in
cases. Cryoablation was performed in 2 cases, and RF ablation
n the other 3.
natomical considerations. After traversing the posterior
nterventricular sulcus, the CS, in close relationship to the left
ircumflex artery, continues as the GCV, which turns anteriorly
long the epicardial surface of the anterobasal LVOT, under the
igure 1. The 12-lead electrocardiograms of the ventricular tachycardia
rom each patient are shown. The numbers 1 through 5 represent patients
through 5 as outlined in Table 1.ase of the LAA and the left AVC. The GCV continues as the eIV, passing adjacent to the left anterior descending (LAD)
rtery on the epicardial surface of the basal left ventricle. These
natomical relationships are shown in Figure 2D.
lectrocardiographic characteristics. An OTVT in gen-
ral displays an inferior axis, and when it arises from the
VOT it is distinguished by an early R-wave transition in
he precordial leads and an S in lead I. Similarly, epicardial
TVT consistently displays an early precordial R-wave
ransition (2,4–6). In addition, the ECG characteristics of
picardial OTVT successfully ablated from the left AVC
ave been reported as: tall inferior R waves (4); absence of
n S wave in V5/V6 (4,6); slurring of the R wave in the
recordial leads (6); and an rS complex in lead I (2). The
2-lead ECGs from the 5 cases of OTVT are shown in
igure 1. All cases showed an early R wave transition. Four
ases had an absent S wave in V6. All had a degree of
lurring of the precordial R waves. All cases had either an rS
r Rs complex in lead I. The similarities in the ECG
haracteristics between these cases and those ablated from
he left AVC reflect the close anatomical relationships
etween the GCV and the left AVC.
apping of VT from within the coronary venous system.
lthough this is the first series systematically describing ablation
f OTVT from the distal coronary venous system, previous
nvestigators havemappedVT fromwithin theCS. In one report,
of 7 patients with idiopathic OTVThadmapping performed in
oth the GCV and the AVCs (4). The closest pace maps and
arliest ventricular activation were obtained from the GCV and
IV; however, ablation was not attempted from these sites
ecause of safety concerns and technical challenges. Similarly, the
S and its tributaries have been used as mapping conduits in a
roup of patients with predominantly Chagasic cardiac disease
nd were used as landmarks for simultaneous endocardial ablation
n this setting (9). Likewise, simultaneous direct epicardial outflow
ract mapping (by subxiphoid puncture), and mapping of the
VCs has been performed in patients with idiopathic VT.
lthough sites displaying early activation were found using the
irect epicardial approach, a large atrial electrogram was noted at
avorable sites, and pacing resulted in atrial capture. Ablation was
ot performed by this approach because of LAA interposition at
avorable sites (2).
The close anatomical relationship of the distal GCV and
he left AVC, and the similarities between the ECG
haracteristics noted in our patients and those described as
eing typical for arising from the left AVC, suggest that
hese arrhythmias represent the same entity with slight
ariations in origin. The proportion of cases that can be
uccessfully ablated from either site is unknown.
blation of VT from within the coronary venous system.
oncern exists regarding catheter ablation via the CS or its
ranches because complications such as venostenosis, vein rupture,
enous thrombosis, and damage to adjacent coronary arteries with
esultant stenosis can occur. Radiofrequency ablation of left lateral
picardial accessory pathways from within the coronary venous
ystem has been performed in 8 patients in whom multiple
ndocardial ablation attempts were unsuccessful. There were no
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LVOT Ablation From Distal Great Cardiac Vein November 7, 2006:1813–17ases of rupture of theCS; however, in 1 case the ablation catheter
emained adherent to the CS wall, necessitating repeat ablation to
ree it. No coronary stenosis was noted; however, probable mural
hrombus in theCSwas noted in the levophaseCS angiograms in
patients (10).
The transition point of the GCV into the AIV is in close
roximity to the coronary arteries, most often the circumflex. The
AD runs in close proximity to the AIV. Thus it is possible that
F ablation fromwithin the distal branches of theCSmay induce
oronary artery stenosis in the long term. The presence of
erivascular fat would tend to mitigate against damage to the
oronary arteries by radiofrequency current and cryoablation. It
evertheless seems prudent tominimize the amount of RF energy
igure 2. Electroanatomical images and electrograms at the time of ablation from
omography (CT) scan illustrating the anatomical relationships of the great cardia
usps (AVC), the GCV, and the epicardial ventricular surface of the heart (using th
utflow tract (RVOT), left ventricular (LV) endocardium, and left atrial append
entricular epicardial surface (at the yellow dot). An ablation lesion placed using a c
B) The cryoablation catheter was then advanced to the adjacent distal aspect of t
ryoapplication, the VT was eliminated within seconds of freezing of the ablat
-dimensional CT angiographic image of the heart from a left cranial oblique per
S), as well as the LAD artery (and its first diagonal branch) and the AIV can be
uoroscopic position of the mapping catheter in the distal GCV is shown.elivered from within the CS. In all cases in which RF was used, lmaximum power setting of 20 W was chosen for this reason.
ryoablation is likely to be safer than RF ablation in the branches
f the CS, as has been documented in animal models (11,12).
ryoablation within the middle cardiac vein has been performed
ven within 2 mm of a coronary artery in patients with epicardial
ccessory pathways, without the occurrence of coronary artery
tenosis (13,14). In the present study, coronary angiography was
erformed in 4 of 5 patients after ablation from the GCV and
evealed no evidence of coronary arterial damage; in addition,
one of the patients experienced angina after a mean follow-up of
5 months.
It is important to note that ablation from within the AVCs is
imilarly not without risk. Both acute and chronic occlusion of the
nt 1 and a radiograph of the ablation catheter in Patient 3 as well as a computed
(GCV) are shown. (A) Electroanatomical activation mapping of the aortic valve
xyphoid pericardial puncture approach) is shown; mapping of the right ventricular
AA) (not shown) showed late activation. Earliest activation was noted on the
heter at the earliest pericardial activation point only transiently suppressed the VT.
V (red dot in A)—a site 65 ms earlier than the QRS complex. (C)During the
ectrode (indicated by the artifact on the ablation catheter electrogram). (D) A
e is shown. The parallel courses of the circumflex artery and distal GCV (labeled
iated. The left AVC and distal CS are in close proximity. (E)An example of thePatie
c vein
e sub
age (L
ryocat
he GC
ion el
spectiveft main coronary artery have been described in cases of ablation
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November 7, 2006:1813–17 LVOT Ablation From Distal Great Cardiac Veinrom or close to the left AVC (15,16). In addition, one group has
sed intracardiac echocardiography to guide ablation in the
VOT, and noted sliding of the catheter within the left AVC
uring 3 of the RF applications (3).
Stellbrink et al. (17) have reported a case of successful ablation
f idiopathic VT from the coronary venous system. Similarly,
anner et al. (18) have recently described 6 different anatom-
cal approaches to the ablation of idiopathic VT with an early
/S transition (V3). These included the RVOT (the majority
f patients), the pulmonary artery, the LVOT, the AVCs, the
picardium, and in 1 patient the GCV. Our report describes
he first series of patients in whom successful ablation of
diopathic VT was performed from the coronary venous
ystem. Our data support the suggestion that the CS should be
ccessed and mapped early in the course of investigation of
diopathic OTVT that does not arise from the RVOT,
articularly when there is an early R/S transition.
onclusions. We describe 5 cases of idiopathic epicardial
VOT in which ablation within the coronary venous system
n all cases was successful in treating VT. The relative safety
nd efficacy of the CS approach compared with the ap-
roach via the AVCs is unknown. It is therefore not clear
hich should be attempted first; however, these results
uggest that the CS approach should be considered as a
otential approach for the ablation of idiopathic epicardial
TVT. If this approach is used, cryoablation may be a safer
nd effective alternative to radiofrequency energy.
eprint requests and correspondence: Dr. Vivek Y. Reddy,
ardiac Arrhythmia Service, Massachusetts General Hospital, 55
ruit Street, Gray-Bigelow 109, Boston, Massachusetts 02114.
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